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Mineralization of the bulbus arteriosus in adult rainbow trout (Oncorhynchus mykiss)
Jerry R. Heidel, Scott E. LaPatra, Jerry Giles A variety of lesions of the salmonid heart have been previously described. Inflammation and hemorrhage of the myocardium have been attributed to bacterial and viral infections. 9, 16, 17 Degenerative conditions include idiopathic cardiomyopathies 7,8 and coronary arteriosclerosis. 5 We observed prominent and diffuse mineralization of the bulbous arteriosus in clinically normal adult female rainbow trout (Oncorhynchus mykiss) while conducting a survey of diseases in broodstock fish. Nephrocalcinosis was present in many of these animals; however, no other systemic mineralization was identified. Serum electrolytes were measured in an attempt to identify abnormalities that could be correlated with the cardiac lesion.
Clinically normal cultured female broodstock rainbow trout 4-6 years old weighing 1.3-3.5 kg were examined. The fish were taken from concrete rearing units (approximately 3 x 30 x 1 m deep) supplied with spring water (temperature = 9 C, dissolved oxygen = 10 ppm, pH 7.5, hardness = 625 mg/liter, flow = 2214 liter/minute). Approximately 1,100 fish are kept in each unit. The fish were euthanized by immersion in 200 ppm tricaine methanesulfonate a and necropsied. Brain, eye, gill, heart, stomach, pyloric ceca, intestine, pancreas, liver, anterior and posterior kidney, spleen, skin, and skeletal muscle were placed into 10% neutral buffered formalin for histologic examination. The fixed tissues were embedded in paraffin, sectioned at 6 µm, and stained with hematoxylin and eosin (HE) or Von Kossa stains.
Blood was collected by venipuncture from the caudal subvertebral vessels of 54 fish and allowed to stand overnight at 5 C. The serum was removed and frozen (-70 C) until analyzed. Serum electrolyte concentrations were determined using a direct potentiometric ion-selective analyzer. b .
Eighteen of 220 fish (8.2%) had locally extensive to diffuse mineralization of the bulbus arteriosus (Figs. 1, 2). Affected bulbi were hard, brittle, white, and opaque and frequently shattered when dissected. There was aneurysmal dilatation and thinning of the wall of the bulbus in some of the affected hearts ( Fig. 3) . Microscopically, the mineralization varied in severity but was confined to the elastic media of the bulbus (Fig. 4 ). Although scattered smooth muscle cells persisted within the mineralized elastic matrix in some fish, in others the smooth muscle cells were no longer discernible. Mineralization was not observed within the myocardium of the mineralization in bulbus arteriosus (arrows). Scale in atrium or ventricle. Fourteen of the affected fish had nephrocalcinosis; this condition was present in 91 of the 202 fish that did not have cardiac mineralization. No other significant lesions were observed in the affected fish. Only 1 nonaffected fish had a cardiac lesion, which consisted of focal granulomatous myocarditis; no etiology was identified.
Lesions of the bulbus arteriosus have been described in nonsalmonid fish. A dissecting aneurysm of the bulbus in a brook stickleback (Culaea inconstans) 1 and the effect of encysted trematodes on the morphology and function of the bulbus of the sheepshead have been described.
minnow (Cyprinodon
The bulbus arteriosus is the fourth chamber of the fish heart and is continuous with the ventral aorta. The bulbus is thick walled and is composed of 3 principal layers: 14 1) an outer adventia of loose connective tissue, 2) a media composed of fibrillar to amorphous elastic material that is intertwined with smooth muscle cells, and 3) an inner layer of endothelial cells. The elastic layer allows for the great distensibility and elastic recoil of the bulbus, which maintains blood flow through the ventral aorta during ventricular diastole. 10 The elastic tissue of the bulbus arteriosus is morphologically and biochemically distinct from that of the ventral aorta. 13 The mineralization of the bulbus was restricted to the elastic media. Elastic tissue has a propensity for mineralization. Hypercalcemia, secondary to disturbances in calcium and phosphorus metabolism, frequently results in extensive metastatic mineralization of the elastic tissue in the heart, aorta, and muscular arteries and in the elastic fibers of the large airways and parenchyma of the lungs 11 of most animals. However, serum calcium and phosphorus, as well as sodium, potassium, chloride, and magnesium, were not different in affected and nonaffected fish ( Table 1 ; P < 0.05, Mann-Whitney U-test). Because tissue mineralization is considered an irreversible event, it is possible that alterations in serum calcium and subsequent mineralization occurred prior to collection of the fish and that serum calcium had returned to normal.
Dystrophic mineralization is associated with degenerative changes in cells and tissues, which is followed by the deposition of. mineral. 11 Histologic evidence of degenerative changes within the bulbus was not observed in any of the affected fish; however, ultrastructural and biochemical studies of the bulbus arteriosus may identify such lesions.
Nephrocalcinosis is the most widely described condition involving mineralization of soft tissues in salmonids. This disease is characterized by widespread mineralization of the kidney. The etiology is controversial, and the condition has been associated with elevated levels of CO 2 in the water and with dietary imbalances. 3, 4 The disease results in massive destruction of renal tissue due to secondary inflammation and fibrosis, yet clinical signs are frequently not observed. Although 78% of the fish with bulbar mineralization had nephrocalcinosis, only 45% of the fish with normal hearts had nephrocalcinosis, suggesting a possible association between the 2 conditions. However, no correlation has been demonstrated between the prevalence and severity of nephrocalcinosis and the serum concentrations of calcium, phosphorus, and magnesium. 15 The corpuscle of Stannius, which is adjacent to the kidney, is known to synthesize teleocalcin (hypocalcin), a hormone responsible for blocking uptake of calcium in the gills, and surgical removal of this gland has been reported to cause hypercalcemia. 12 Considering the extent of nephrocalcinosis in some of the affected fish, disruption of this organ could be expected; however, an associated hypercalcemia was not detected.
The aneurysmal dilatation and thinning of the bulbus that occurred in some of the hearts probably was due to weakening of the bulbar wall associated with loss of elastic tissue and replacement with mineral.
Considering the apparent good health of these fish as compared with normal pond-mates, and the absence of lesions associated with heart failure (ascites, chronic passive congestion of the liver), severe mineralization of the bulbous was interpreted to be subclinical, which is suprising considering the role of this structure in maintaining blood flow through the ventral aorta during ventricular diastole. 13 In addition, a fish's reliance on stroke volume for increased cardiac output could be in jeopardy because of the loss of elasticity of the bulbus and the subsequent impaired output. 6 However, the more sedentary and noncompetitive environment of farmed fish may eliminate the necessity for sudden increases of cardiac output. Similar findings have been described in farmed Atlantic salmon (Salmo salar) with pancreas disease, 8 where clinical signs may not be observed in affected fish despite an associated cardiomyopathy. Fusarium moniliforme is one of the most prevalent fungi found in corn worldwide. 2 In 1988, a group of cancer promoting agents, the fumonisin B mycotoxins, was isolated and characterized from cultures of F. moniliforme. 1, 7 Fumonisins are the causative agents of equine leukoencephalomalacia (ELEM) 11 and acute porcine pulmonary edema (PPE). 10 A large number of field cases of PPE and ELEM in the USA were associated with the 1989 corn crop and were traced to the consumption of contaminated corn screenings. 16, 17 Epidemiologic evidence shows a positive correlation between the presence of F. moniliforme in corn crops and the high incidence of human esophageal cancer in certain regions of South Africa. 18 Chronic dietary intake of F. moniliforme culture material or purified FB 1 in rats induces hepatocellular carcinomas. 8, 12 The chronic effects of fumonisin-contaminated diets in swine have been studied previously. 3, 4 Gilts fed a diet containing 100 mg fumonisin B 1 (FB 1 ) kg for 7 days, followed by a diet containing 190 mg/kg for 83 days developed nodular hyperplasia of the liver. 3 One pig had grossly apparent hyperplastic plaques within the esophageal mucosa, and others had histologic evidence of hyperkeratosis and parakeratosis. In a second trial, gilts fed diets containing 150-170 mg FB 1 / kg for 210 days developed nodular hyperplasia of the liver. 4 These diets were formulated by blending naturally contaminated corn and F. moniliforme culture material with a complete ration to obtain the desired FB 1 concentrations.
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